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SUPERSONIC TRANSPORT LUBRICATION SYSTEM INVESTIGATION 

b y  

W .  L. R h o a d s  

I .  INTRODUCTION 

T h i s  i s  t h e  s e c o n d  p e r i o d i c a l  r e p o r t  u n d e r  N A S A  C o n t r a c t  
NAS3-6267, P h a s e  11, a n d  c o v e r s  t h e  B a s e l i n e  a n d  Q u a l i f y i n g  T e s t  
p o r t i o n  o f  T a s k  I11 o f  t h i s  c o n t r a c t .  

T h e  p e r f o r m a n c e  o f  a i r c r a f t  g a s  t u r b i n e  m a i n s h a f t  b a l l  
b e a r i n g s ,  s e a l s ,  a n d  l u b r i c a n t s  u n d e r  s i m u l a t e d  (Mach  3 )  s u p e r s o n i c  
t r a n s p o r t  e n g i n e  c o n d i t i o n s  i s  b e i n g  s t u d i e d  u s i n g  t h e  m o s t  
a d v a n c e d  m a t e r i a l s ,  d e s i g n s ,  a n d  m a n u f a c t u r i n g  t e c h n i q u e s  a v a i l a b l e .  
A r e c i r c u l a t i n g  s y s t e m  w i t h  j e t  l u b r i c a t i o n  w h i c h  may b e  i n e r t  g a s  
b l a n k e t e d  w a s  u s e d  f o r  a l l  t e s t i n g .  T h r e e  l u b r i c a n t s ,  s e l e c t e d  
o n  t h e  b a s i s  o f  r e s u l t s  o f  t e s t i n g  i n  T a s k  I1 o f  t h i s  P h a s e  a n d  i n  
P h a s e  I were r u n  f o r  u p  t o  50 h o u r s  i n  t h e  t e s t s  r e p o r t e d  h e r e i n .  
T h e s e  r e s u l t s  w i l l  b e  u s e d  t o  a s s i s t  i n  t h e  s e l e c t i o n  o f  t h e  t w o  
f l u i d s  t o  b e  u s e d  i n  e n d u r a n c e  t e s t i n g .  

To r e c a p i t u l a t e ,  i n  P h a s e  I o f  t h i s  p r o g r a m ,  f i v e  a d u a n c e d  
f l u i d s  were e v a l u a t e d  i n  t h e  r e c i r c u l a t i n g  o i l  b e a r i n g - s e a l  t e s t  
r i g ,  a n d  f i v e  o t h e r  f l u i d s  i n  a s i m i l a r  o n c e - t h r o u g h  ( o i l - m i s t )  
s y s t e m ,  b y  r u n n i n g  t h r e e - h o u r  s c r e e n i n g  t e s t s  a t  b e a r i n g  t e m p e r -  
a t u r e s  i n  t h e  6 0 0 - 8 0 0 ° F  r e g i o n .  T h e  m o s t  p r o m i s i n g  mi s t  f l u i d  
a n d  t h e  t w o  m o s t  p r o m i s i n g  r e c i r c u l a t i n g  f l u i d s  were t h e n  t e s t e d  
f o r  l o n g e r  p e r i o d s  o f  t ime.  I n  P h a s e  1 1 ,  t h r e e  a d d i t i o n a l  f l u i d s  
were s c r e e n e d  i n  t h e  r e c i r c u l a t i n g - o i l  s y s t e m  i n  t h r e e  - h o u r  t e s t s  
a t  b e a r i n g  t e m p e r a t u r e s  i n  t h e  5 5 0 - 7 0 0 ° F  r a n g e  ( T a s k  11). B a s e d  
o n  t h e  r e s u l t s  o f  a l l  s c r e e n i n g  t e s t s ,  t h e  t h r e e  50 h o u r  t e s t s  
r e p o r t e d  h e r e i n  were r u n  w i t h  t h e  m o s t  p r o m i s i n g  f l u i d s  i n  t h e  
r e c i r c u l a t i n g - o i l  s y s t e m .  U s i n g  t h e s e  r e s u l t s ,  t w o  e n d u r a n c e  
t e s t s  o f  u p  t o  250 h o u r s  d u r a t i o n  w i l l  b e  c o n d u c t e d  l a t e r  
(TASK I f 1 1  ' i n  t h e  r e c i r c u l a t i n g - o i l  s y s t e m .  

11, , S U M M A R Y  A N D  CONCLUSIONS 

I n  P h a s e  1 1 ,  b o t h  T a s k  I ( p r o c u r e m e n t  a n d  s e t - u p  o f  e q u i p m e n t )  
a n d  T a s k  I1 ( s c r e e n i n g  t e s t s )  h a v e  b e e n  c o m p l e t e d .  W i t h i n  T a s k  111, 
o n e  B a s e l i n e  a n d  t w o  Q u a l i f y i n g  t e s t s  h a v e  b e e n  c o m p l e t e d .  T h e s e  
T a s k  I11 t e s t s  were r u n  f o r  u p  t o  50 h o u r s  d u r a t i o n  a t  s p e c i f i e d  
t e s t  c o n d i t i o n s  i n  i n c r e m e n t s  o f  n o  m o r e  t h a n  10 h o u r s  c o n t i n u o u s  
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r u n n i n g .  T h e  t h r e e  l u b r i c a n t s  e v a l u a t e d  were M o b i l  J e t  11, a n  
e s t e r  m e e t i n g  t h e  MIL-L-23699  s p e c i f i c a t i o n ;  M o b i l  XRM-109F 
( s y n t h e t i c  p a r a f f i n i c  h y d r o c a r b o n )  b l e n d e d  w i t h  10% b y  w e i g h t  o f  
K e n d e x  r e s i n  ( h i g h l y  r e f i n e d ,  h i g h  m o l e c u l a r  w e i g h t  p a r a f f i n i c  
r e s i n ) ;  a n d  a b l e n d  o f  M o b i l  XRM-l09F ,  M o b i l  XRM-127B ( l e s s  
v i s c o u s  v e r s i o n  o f  XRM-109F) a n d  10% K e n d e x  r e s i n ,  i n  s u c h  
q u a n t i t y  t o  g i v e  t h e  b l e n d  t h e  s a m e  b u l k  v i s c o s i t y  a s  M o b i l  
XRM-109F. T h e  b a s e l i n e  t e s t  u s e d  a n  M50 s t e e l  b e a r i n g  
(BEff 4 5 9 9 8 1  G d e s i g n )  w i t h  a p i s t o n  r i n g  s e c o n d a r y  o i l  s e a l  
a n d  w a s  r u n  w i t h o u t  i n e r t  g a s  b l a n k e t i n g .  T h e  q u a l i f y i n g  
t e s t s  were r u n  u s i n g  WB49 s t e e l  b e a r i n g s  (5EF 459980 H d e s i g n )  
u n d e r  a n  i n e r t  g a s  b l a n k e t  w i t h  a v a r i e t y  o f  s e a l  d e s i g n s  a n d  
m a t e r i a l s .  

T h e  t e s t s  p e r f o r m e d  i n  t h i s  T a s k  s h o w  t h e  f o l l o w i n g :  

1 .  M o b i l  J e t  I1 e s t e r  p e r f o r m e d  a d e q u a t e l y  f o r  50 h o u r s  o f  
o p e n - a t m o s p h e r e  b a s e l i n e  t e s t i n g  a t  b e a r i n g  t e m p e r a t u r e s  o f  500° 
t o  530OF. S o m e  s u r f a c e  d i s t r e s s  w a s  e v i d e n t  w h i c h  may i n d i c a t e  
t h i s  l u b r i c a n t  i s  m a r g i n a l  f o r  l o n g  term o p e r a t i o n  i n  t h i s  
t e m p e r a t u r e  r e g i o n .  No e v i d e n c e  o f  b e a r i n g  t h e r m a l  i n s t a b i l i t i e s  
were n o t e d .  

2 .  M o b i l  XRM-109F p l u s  10% K e n d e x  r e s i n  p e r f o r m e d  w e l l  f o r  3 2  
h o u r s  a t  6 4 0 °  t o  6 6 0 ° F  b e a r i n g  t e m p e r a t u r e  u s i n g  i n e r t  b l a n k e t -  
i n g .  T e s t  t e r m i n a t i o n  w a s  c a u s e d  b y  o i l  s e a l  f a i l u r e .  T h i s  
f l u i d  a p p e a r s  s u i t a b l e  f o r  l o n g e r  t e rm o p e r a t i o n  a t  t h e s e  c o n -  
d i  t i o n s .  

3 .  T h e  b l e n d  o f  M o b i l  XRM-l09F ,  M o b i l  XRM-12713 a n d  K e n d e x  r e s i n  
p e r f o r m e d  w e l l  f o r  50 h o u r s  u n d e r  a n  i n e r t  b l a n k e t  a t  6 4 0 °  t o  
6 5 0 ° F  b e a r i n g  t e m p e r a t u r e .  T h e  s u i t a b i l i t y  o f  t h i s  f l u i d  f o r  
l o n g e r  term o p e r a t i o n  a t  t h e s e  c o n d i t i o n s  i s  d o u b t f u l .  T h e  
v i s c o s i t y  o f  t h i s  b l e n d  was i n c r e a s e d  b y  87% d u r i n g  t h e  t e s t ,  
p r o b a b l y  d u e  t o  d i s t i l l a t i o n  o f  t h e  l i g h t e r  X R M - 1 2 7 B  c o n s t i t u e n t .  

4 .  W i t h  t h e  p r o p e r  s e l e c t i o n  o f  o i l  s e a l  c a r b o n ,  s h o u l d e r  
p l a t i n g ,  f a c e  l o a d ,  a n d  o i l  c o o l i n g  o f  t h e  s h o u l d e r ,  i t  w a s  
p o s s i b l e  t o  g e t  s u s t a i n e d  o i l  s e a l  l e a k a g e  r a t e s  o f  t h e  o r d e r  o f  
1 scfm w i t h o u t  l i f t - o f f  f o r  o v e r  3 2  h o u r s  w i t h  a b e l l o w s  s e a l .  
T h i s  o f f e r s  h o p e  f o r  l o n g e r  t r o u b l e - f r e e  o p e r a t i o n  o f  t h i s  t y p e  
o f  s e a l  i n  f u t u r e  t e s t i n g  a t  t h e  ex t reme c o n d i t i o n s  e n c o u n t e r e d  
i n  t h i s  p r o g r a m .  
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5 .  A new generation of oil seal employing a piston ring second- 
ary seal (instead of metallic bellows) in conjunction with a 
shoulder having hydrodynamic lift pads h a s  been successfully run 
for 100 hours without lift-off and i s  still considered operational. 
While this type of seal has minimum leakage rates 3 to 5 times 
that of the best bellows seal, it offers the best hope of extended 
testing for the remainder of the program. 
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111. TEST DETAILS 

1. B a c k g r o u n d  

I n  g a s  t u r b i n e  e n g i n e s  d e s i g n e d  f o r  u s e  i n  f u t u r e  g e n e r a t -  
i o n s  o f  s u p e r s o n i c  t r a n s p o r t  a i r c r a f t ,  t h e  m a i n s h a f t  t h r u s t  b e a r i n g s  
a n d  t h e  s e a l s  u s e d  t o  c o n t a i n  t h e  l u b r i c a n t  i n  t h e  b e a r i n g  c h a m b e r  
m u s t  b e  c a p a b l e  o f  o p e r a t i n g  a t  600°F a n d  a b o v e .  S i n c e  l u b r i c a n t  
d e g r a d a t i o n  m u s t  b e  m i n i m i z e d  f o r  l o n g  term o p e r a t i o n  a t  t h e s e  
h i g h  t e m p e r a t u r e s ,  i n e r t  g a s  b l a n k e t i n g  may b e  e m p l o y e d  t o  r e d u c e  
o x y g e n  t o  a v e r y  l o w  l e v e l  i n  t h e  b e a r i n g  a n d  l u b r i c a n t  s y s t e m .  

T h e  c u r r e n t  s t a t e  o f  d e v e l o p m e n t  o f  b e a r i n g s ,  s e a l s ,  a n d  
l u b r i c a n t s  i s  s u c h  t h a t  s h o r t  term o p e r a t i o n  u n d e r  t h e  c o n d i t i o n s  
s p e c i f i e d  f o r  a d v a n c e d  s u p e r s o n i c  t r a n s p o r t  e n g i n e s  i s  p o s s i b l e .  
H o w e v e r ,  e x t e n d e d  o p e r a t i o n  o f  c a n d i d a t e  b e a r i n g - s e a l - l u b r i c a n t  
s y s t e m s ,  t o  b e  a t t e m p t e d  i n  T a s k  I11 o f  t h i s  e f f o r t ,  i s  n e e d e d  t o  
e s t a b l i s h  t e m p e r a t u r e  l i m i t a t i o n s  a n d  g ' y s t e m  r e l i a b i l i t y ,  

W i t h i n  t h i s  c o n t r a c t ,  t h e  3 E F  I n d u s t r i e s  R e s e a r c h  L a b o r a t o r y  
h a s  c o m p l e t e d  P h a s e  I i n  w h i c h  a n  i n e r t e d  b e a r i n g - s e a l - l u b r i c a n t  
s y s t e m  w a s  u s e d  t o  t e s t  s e v e r a l  l u b r i c a n t s  u n d e r  s i m u l a t e d  s u p e r -  
s o n i c  j e t  e n g i n e  c o n d i t i o n s .  T h e  r e s u l t s  o f  P h a s e  I t e s t i n g  a r e  
s u m m a r i z e d  i n  ( 1 > ?  I n  P h a s e  I t h e  m o s t  p r o m i s i n g  l u b r i c a n t  f o u n d  
w a s  M o b i l  XRM 1 7 7 F ,  w h i c h  c o n s i s t s  o f  t h e  XRM 109F  b a s e - o i l  u s e d  
i n  t h e  p r e s e n t  P h a s e  I1 a n d  a p r o p r i e t a r y  b o u n d a r y  l u b r i c a t i n g  
a d d i t i v e  o f  t h e  o r g a n i c - p h o s p h a t e  c l a s s .  

2 .  R e s e a r c h  O b j e c t i v e s  

I t  i s  t h e  p u r p o s e  o f  P h a s e  I1 o f  t h e  p r o g r a m  t o  p e r f o r m  
a d d i t i o n a l  i n v e s t i g a t i o n s  o f  t h e  o p e r a t i o n a l  l i m i t s  o f  t h e  b e s t  
c u r r e n t l y  a v a i l a b l e  b a l l  b e a r i n g s ,  s e a l s ,  a n d  a d d i t i o n a l  l u b r i c a n t s  
i n  h h i g h  t e m p e r a t u r e  r e c i r c u l a t i n g  l u b r i c a t i o n  s y s t e m  u n d e r  
c o n d i t i o n s  s i m u l a t i n g  t h o s e  e x p e c t e d  i n  t h e  m a i n  p r o p u l s i o n  p o w e r  
u n i t s  o f  a n  a d v a n c e d  Mach 3 s u p e r s o n i c  t r a n s p o r t  a i r c r a f t .  I t  i s  
e x p e c t e d  t h a t  t h i s  e x t e n d e d  r e s e a r c h  w i l l  r e s u l t  i n :  

a )  D a t a  p e r t a i n i n g  t o  t h e  maximum t e m p e r a t u r e  c a p a b i l i t i e s ,  
u p  t o  7000F o u t e r  r a c e  b e a r i n g  t e m p e r a t u r e ,  o f  s e v e r a l  
p r o m i s i n g  l u b r i c a n t s  n o t  p r e v i o u s l y  t e s t e d  i n  a n i t r o g e n  
b l a n k e t e d  r e c i r c u l a t i n g  l u b r i c a t i o n  s y s t e m  

a N u r n b e r s  i n  p a r e n t h e s i s  r e f e r  t o  r e f e r e n c e s  a t  t h e  e n d  o f  t h e  t e x t .  
-4- 
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b) Operating experience with a modified bearing design 
(Series 11)  and new cage material and silver plating 
process. 

c) Additional data on the behavior of bellows face seals 
and information on the performance of piston ring 
secondary face seals a t  extreme speed, temperature, and 
pressure differentials. 

d) Longer-term performance (50 to 250 hours) data on bearing- 
seal-recirculating lubrication systems under simulated 
supersonic transport engine conditions with several of 
the most promising fluids found under Phase I and Task 11, 
Phase I1 testing. 

Of the above objectives the work s o  far completed has covered 
items a ,  b, c, and the 50 hour testing under d. 

The remainder of this program, already in progress, will cover 
the operation of two fluids for periods of up to 250 hours. 

The phasing of effort is shown in the Gant Chart i n  
Enclosure I ,  which i s  current as o f  November, 1 9 6 8 .  Appendix 1 
of ( 5 )  (Phase I1 - Scope of W o r k ,  Contract NAS3-6267) contains 
a detailed definition of the scope of the present effort. 

3 .  Test Elements 

The general plan of the test equipment used on this program 
is shown in Enclosure 2 .  An assembly drawing of the recirculating 
test rig is included as Enclosure 3. Detailed descriptions of 
the equipment and its capabilities have been given in (1,2,3,4). 

a) Bearings 

The test bearings used in this phase have been described 
in detail previously (1,.2, 3 ,  4, 5 ) .  Drawings of the two test 
bearings (4599808, WB49 steel and 4599816; M50 steel) are shown 
in Enclosures 4 and 5 .  The ion silver plated 4340 steel cage 
used in all extended testing is shown in Enclosure 6 .  

b) Seals 

The dual test seal arrangement used in all testing to date 

-5 -  
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h a s  b e e n  d e s c r i b e d  i n  d e t a i l  i n  ( 1 , 2 , 3 , 4 , 5 ) .  In s e v e r a l  o f  t h e  
l o n g  term t e s t s  r e p o r t e d  h e r e i n  a n e w  d e s i g n  f a c e  s e a l  e m p l o y i n g  
a c a r b o n  p i s t o n  r i n g  s e b o n d a r y  i n  p l a c e  o f  t h e  p r e v i o u s l y  u t i l i z e d  
s t e e l  b e l l o w s  s e c o n d a r y  h a s  b e e n  u s e d  ( w i t h  g o o d  s u c c e s s ) .  In 
a d d i t i o n  t o  t h e  d i f f e r e n t  s e c o n d a r y  s e a l i n g  a r r a n g e m e n t ,  t h e  
s h o u l d e r  i n c o r p o r a t e s  h y d r o d y n a m i c  l i f t  p a d s .  T h e  p i s t o n  r i n g  
s e a l  i s  s h o w n  i n  E n c l o s u r e  7 a n d  t h e  h y d r o d y n a m i c  l i f t  p a d  
s h o u l d e r  i s  s h o w n  i n  E n c l o s u r e  8 .  B e l l o w s  o i l  a n d  a i r  s e a l s  a n d  
s h o u l d e r s  a r e  s h o w n  i n  E n c l o s u r e s  9 ,  10 a n d  11. 

c )  L u b r i c a n t s  

D a t a  f o r  M o b i l  J e t  I1 a n d  M o b i l  XRM-109F p l u s  10% K e n d e x  
0839 h i g h  m o l e c u l a r  w e i g h t  r e s i n  h a v e  b e e n  p r e s e n t e d  i n  ( 5 ) .  T h e  
t h i r d  f l u i d  t e s t e d  i n  t h i s  T a s k  c o n s i s t e d  o f  t h e  b l e n d  o f  XRM-109F 
p l u s  10% K e n d e x  r e s i n  w i t h  e n o u g h  ( a p p r o x i m a t e l y  10%) M o b i l  
XRFA-127B a d d e d  t o  b r i n g  t h e  b u l k  v i s c o s i t y  o f  t h i s  b l e n d  down t o  
a p p r o x i m a t e l y  t h e  v i s c o s i t y  o f  XRM-il09F ( 4 4 2 . 6  c s  @ I O O O F ) .  T h i s  
w a s  d o n e  t o  i n s u r e  t h a t  t h e  g o o d  p e r f o r m a n c e  o f . t h e  blilend t e s t e d  
i n  T a s k  I1 w a s  d u e  t o  t h e  a d d i t i v e  e f f e c t  o f  t h e  K e n d e x  r e s i n  a n d  
n o t  t o  t h e  ( r e l a t i v e ' l y  s m a l l )  b u l k  v i s c o s i t y  i n c r e a s e  o f  t h e  t e s t  
f l u i d .  

c h e m i c a l  f a m i l y  a s  XRM-l09F,  b u t  w i t h  a v i s c o s i t y  o f  6 2 . 7  c s  @ 
1000F. 

I " -- 

M o b i l  XRM-127B i s  a s y n t h e t i c  h y d r o c a r b o n  o f  t h e  s a m e  

I V .  TEST RESULTS 

T h e  t h r e e  n o m i n a l  50 h o u r  t e s t s  c o n d u c t e d  u n d e r  T a s k  I11 a r e  
r e p o r t e d  i n  c h r o n o l o g i c a l  o r d e r .  A l l  t e s t i n g  w a s  c o n d u c t e d  i n  
i n c r e m e n t s  o f  no m o r e  t h a n  10 h o u r s  a t  s p e c i f i e d  c o n d i t i o n s  w i t h  
a c o o l  down t o  a b e a r i n g  o u t e r  r i n g  t e m p e r a t u r e  o f  200°F b e f o r e  
r e s t a r t  o f  t h e  n e x t  i n c r e m e n t .  

1 2 .  E n c l o s u r e  13 s u m m a r i z e s  a c i d  n u m b e r  a n d  v i s c o s i t y  d a t a  f o r  
t h e s e  t e s t s .  E n c l o s u r e  1 4  t a b u l a t e s  t e s t  e l e m e n t s  u s e d  i n  e a c h  
t e s t .  A s u m m a r y  o f  t e s t  p a r a m e t e r s  i s  p r e s e n t e d  i n  A p p e n d i x  I. 

A Summary  o f  t h e s e  t e s t  r e s u l t s  i s  p r e s e n t e d  i n  E n c l o s u r e  

1. Q u a l i f y i n g  T e s t  No.  1 - M o b i l  XRM-109F P l u s  10% K e n d e x  R e s i n  

T h e  f i r s t  o f  t w o  s p e c i f i e d  q u a l i f y i n g  t e s t s  w a s  r u n  u s i n g  
M o b i l  XRM-109F h y d r o c a r b o n  p l u s  10% ( b y  w e i g h t )  o f  K e n d e x  0839 
r e s i n ,  a WB49 s t e e l  t e s t  b e a r i n g  w i t h  a n  i o n  s i l v e r  p l a t e d  4 3 4 0  
s t e e l  c a g e ,  a n d  a n  o i l  s e a l  w i t h  AM350 s t e e l  b e l l o w s ,  CDJ83 
c a r b o n ,  a n d  a c h r o m i u m - c a r b i d e  p l a t e d  s h o u l d e r  m o d i f i e d  f o r  o i l  
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c o o l i n g .  An I n c o  718 b e l l o w s  a i r  s e a l  w i t h  C D J 8 3  c a r b o n  w a s  u s e d  
f o r  t h e  f i r s t  31 h o u r s  o f  t e s t i n g  w h i l e  a s e a l  h a v i n g  AM350 s t e e l  
b e l l o w s  a n d  56HT c a r b o n  w a s  u s e d  f o r  t h e  l a s t  1.3 h o u r s .  A 
c h r o m i u m - c a r b i d e  p l a t e d  a i r  s e a l  s h o u l d e r  w a s  u s e d  t h r o u g h o u t .  

T h i s  t e s t  w a s  r u n  f o r  a t o t a l  o f  3 2 . 3  h o u r s  a t  6 4 0 °  t o  6 6 0 ° F  
b e a r i n g  o u t e r  r i n g  t e m p e r a t u r e ,  w h i g h  w a s  a c c u m u l a t e d  i n  t h r e e  
1 0 - h o u r ,  o n e  l - h o u r ,  a n d  o n e  1 . 3 - h o u r  i n c r e m e n t s .  O i l  i n l e t  
t e m p e r a t u r e  v a r i e d  b e t w e e n  490Q a n d  5 2 5 O P .  (An a d d i t i o n a l  5 .6  
h d u r s  w a s  a c c u m u l a t e d  a t  o u t e r  r i n g  t e m p e r a t u r e s  b e t w e e n  600° a n d  
6 4 0 ° F ) ,  T h e  i n n e r  r i n g  r a n  b e t w e e n  t h e  o u t e r  r i n g  t e m p e r a t u r e  
a n d  50°F a b o v e  t h e  o u t e r  r i n g .  Some "I" h o u s i n g  h e a t  a n d  s h a f t  
c o o l i n g  w a s  r e q u i r e d  a t  v a r i o u s  p o i n t s  d u r i n g  t h e  t e s t .  O i l  f l o w  
w a s  v a r i e d  b e t w e e n  0 .8  a n d  2 gpm t o  c o n t r o l  t e s t  b e a r i n g  t e m p e r -  
a t u r e ,  w i t h  m o s t  o f  t h e  t e s t  o p e r a t i n g  a t  1 . 2 5  gpm.  

T h e  f i r s t  t h i r t y  h o u r s  were r u n  w i t h o u t  i n c i d e n t  w i t h  a l l  
c o m p o n e n t s  p e r f o r m i n g  f l a w l e s s l y ,  T h e  t o t a l  s e a l  l e a k a g e  w a s  i n  
t h e  1 t o  3 scfm r a n g e ,  a p p r o x i m a t e l y  s p l i t  e q u a l l y  b e t w e e n  b o t h  
t e s t  s e a l s .  

D u r i n g  t h e  c o o l  down a f t e r  t h e  t h i r d  1 0 - h o u r  i n c r e m e n t ,  t h a  
o i l  s e a l  l i f t e d  o f f  a n d  t h e  o i l  c h a r g e  w a s  l o s t .  T h e  o i l  s e a l  
c o u l d  n o t  b e  r e s e a t e d  w i t h o u t  d i s a s s e m b l i n g  t h e  r i g .  D u r i n g  
t h i s  d i s a s s e m b l y  i t  w a s  n o t e d  t h a t  t h e  o i l  s e a l  r u n n e r  w a s  b e i n g  
g r o o v e d  b y  t h e  c a r b o n  a n d  t h a t  t h e  a i r  s e a l  c a r b o n  e x p o s e d  t o  t h e  
h o t  a i r  w a s  b e i n g  e r o d e d .  T h e  r i g  w a s  r e - s t a r t e d  a n d  r a n  f o r  
l - h o u r  a t  c o n d i t i o n s  b e f o r e  h e a t e r  f a i l u r e s  f o r c e d  a n o t h e r  s h u t  
down a n d  d i s a s s e m b l y .  D u r i n g  t h i s  t ime i t  w a s  f o u n d  t h a t  t h e  a i r  
s e a l  c a r b o n  h a d  e r o d e d  t o  t h e  p o i n t  where  i t  w a s  n o t  c o n s i d e r e d  
s e r v i c e a b l e  a n d  i t  w a s  r e p l a c e d  w i t h  a b a c k - u p  s e a l  w i t h  5 6 H T  
c a r b o n .  T h e  r i g  w a s  a s s e m b l e d  a n d  r e - s t a r t e d  s e v e r a l  more t i m e s  
( w i t h  d i f f i c u l t y  d u e  t o  i n i t i a l  o i l  s e a l  l e a k a g e )  a n d  a n  
a d d i t i o n a l  1 . 3 - h o u r s  a t  t e s t  c o n d i t i o n s  a c c u m u l a t e d  b e f o r e  a n o t h e r  
d i s a s s e m b l y  w a s  r e q u i r e d  b e c a u s e  t h e  o i l  s e a l  b l e w  o p e n  a n d  w o u l d  
n o t  s e a t .  D u r i n g  t h i s  d i s a s s e m b l y  i t  w a s  n o t e d  t h a t  t h e  o i l  s e a l  
s h o u l d e r  s h o w e d  s i g n s  o f  " c h a t t e r "  i n  t h e  g r o o v e  ( 0 . 0 0 2  t o  0.003 
i n c h e s  d e e p )  w o r n  b y  t h e  c a r b o n .  B e c a u s e  o f  t h e  d t f f i c u l t y  
e x p e r i e n c e d  i n  o b t a i n i n g  t h e  l a s t  few h o u r s  o f  r u n n i n g  a t  t e s t  
c o n d i t i o n s  a n d  b e c a u s e  o f  t h e  c o n d i t i o n  o f  t h e  o i l  s e a l ,  t h e  t e s t  
w a s  t e r m i n a t e d  s i n c e  i t  w a s  n o t  c o n s i d e r e d  t h a t  t h e  o i l  s e a l  w a s  
s e r v i c e a b l e  a n y  l o n g e r .  T h e  t e s t  b e a r i n g  w a s  f o u n d  t o  b e  i n  v e r y  
g o o d  c o n d i t i o n  w i t h  s i g n s  o f  v e r y  s l i g h t  g l a z i n g  i n  t h e  b a l l  
p a t h s  a n d  l i g h t  c a g e  p o c k e t  w e a r .  T h e  a i r  s e a l  s h o u l d e r  w a s  i n  
g o o d  c o n d i t i o n .  
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T h e  M o b i l  XRM-109F p l u s  K e n d e x  r e s i n  l u b r i c a n t  i s  c o n s i d e r e d  
s u i t a b l e  f o r  f u r t h e r ,  l o n g e r - t e r m  t e s t i n g  i n  t h i s  t e m p e r a t u r e  
r e g i o n .  E n c l o s u r e s  15 t h r o u g h  :7 p r e s e n t  p h o t o g r a p h s  o f  t e s t  
e l e m e n t s  f r o m  t h i s  r u n .  

2 .  B a s e l i n e  T e s t  - M o b i l  J e t  I1 E s t e r  

An o p e n  a t m o s p h e r e  b a s e l i n e  t e s t  w a s  r u n  u s i n g  M o b i l  J e t  I1 
e s t e r  o i l  a n d  a n  M50 s t e e l  b e a r i n g  w i t h  a n  i o n  s i l v e r  p l a t e d  4340 
s t e e l  c a g e .  A new o i l  s e a l  w i t h  a c a r b o n  p i s t o n  r i n g  
s e c o n d a r y  a n d  C D J 8 3  p r i m a r y  c a r b o n  f a c e  a n d  w i t h  a t u n g s t e n  
c a r b i d e  p l a t e d  s h o u l d e r  i n c o r p o r a t i n g  a h y d r o d y n a m i c  l i f t  p a d  
d e s i g n  w a s  u s e d .  T h e  a i r  s e a l  h a d  a n  AM350 s t e e l  b e l l o w s ,  56HT 
c a r b o n  f a c e  a n d  a c h r o m i u m - c 8 r b i d e  p l a t e d  s h o u l d e r .  

T h e  t e s t  w a s  r u n  a t  500° t o  535OF o u t e r  r i n g  t e m p e r a t u r e  f o r  
a t o t a l  o f  50 h o u r s  w h i c h  w a s  a c c u m u l a t e d  i n  t h r e e  1 0 - h o u r ,  o n e  
9 . 6 - h o u r q  o n e  7 . 6 - h o u r ,  o n e  2 . 5 - h o u r  a n d  o n e  l - h o u r  i n c r e m e n t s ,  
a s  e x p l a i n e d  b e l o w .  T h e  o i l  i n l e t  t e m p e r a t u r e  r a n g e d  f r o m  390° 
t o  4 2 0 ° F  w h i l e  t h e  i n n e r  r i n g  t e m p e r a t u r e  was a b o u t  t h e  s a m e  a s  
t h e  o u t e r  r i n g  t e m p e r a t u r e  t o  h e l p  c o n t r o l  t h e  o u t e r  r i n g .  T h e  
t e s t  o i l  f l o w  w a s  2 g p m  d u r i n g  t h e  e n t i r e  t e s t .  

D u r i n g  t h e  1s t  h o u r  o f  t e s t i n g  two  s h u t  d o w n s  o c c u r r e d  d u e  
t o  s h e a r  p i n  b r e a k a g e .  A f t e r  t h e  s e c o n d  s h u t  down  t h e  t e s t . w a s  
r e - s t a r t e d  w i t h  p i n s  o f  a s l i g h t l y  d i f f e r e n t  d e s i g n  ( i n c r e a s e d  
s h o u l d e r  r a d i u s  a n d  a s l i g h t l y  l a r g e r  c r o s s  s e c t i o n )  a n d  c o n t i n u e d  
t o  r u n  f o r  9 . 6 - h o u r s  b e f o r e  a m a n u a l  s h u t  down w a s  p e r f o r m e d  a s  a 
r e s u l t  o f  a n  u n u s u a l  n o i s e  c o m i n g  f r o m  t h e  t e s t  r i g .  T h e  r i g  was 
c o m p l e t e l y  d i s a s s e m b l e d  a n d  t h e  t e s t  b e a r i n g  a n d  t h e  s u p p o r t  
b e a r i n g  e x a m i n e d .  T h i s  e x a m i n a t i o n  s h o w e d  n o t h i n g  a t  f a u l t  a n d  
t h e  t e s t  w a s  r e - s t a r t e d  a n d  r u n  f o r  10 h o u r s  w i t h o u t  i n c i d e n t  a t  
w h i c h  t ime  t h e  r i g  w a s  s h u t  down f o r  t h e  w e e k e n d .  

T h e  t e s t  w a s  r e - s t a r t e d  a n d  r u n  f o r  7 . 6  - h o u r s  w h e n  
a s h e a r  p i n  b r e a k a g e  a g a i n  s h u t  t h e  t e s t  d o w n .  A f t e r  a 2 5  m i n u t e  
d e l a y  t h e  t e s t  w a s  r e - s t a r t e d  a n d  t h e  r e m a i n i n g  2 . 4 - h o u r s  o f  t h e  
1 0 - h o u r  p e r i o d  w a s  c o m p l e t e d ,  T h e  r e m a i n i n g  t w o  1 0 - h o u r  p e r i o d s  
were r u n  w i t h o u t  i n c i d e n t .  

D u r i n g  t h e  f i r s t  3 - h o u r s  o f  t e s t i n g  t h e  t o t a l  s e a l  l e a k a g e  
w a s  a b o u t  10 scfm.  D u r i n g  t h e  r e m a i n d e r  o f  t h e  t e s t  t h e  t o t a l  
s e a l  l e a k a g e  w a s  3 . 0  t o  6 , 0  scfm. 
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Upon d i s a s s e m b l y  t h e  t e s t  b e a r i n g  w a s  f o u n d  t o  h a v e  s o m e  
s l i g h t  s u r f a c e  d i s t r e s s  o n  t h e  i n n e r  a n d  o u t e r  r i n g  a c c o m p a n i e d  
b y  h e a v y  b a l l  c o n t a c t  i n  t h e  c a g e  p o c k e t s  a s  w e l l  a s  e v i d e n c e  o f  
c a g e  l a n d  c o n t a c t  o n  a b o u t  90° o f  t h e  c i r c u m f e r e n c e ,  T h e  o i l  l e f t  
s o m e  d e p o s i t s  o n  t h e  b o r e  o f  t h e  t e s t  b e a r i n g  h o u s i n g .  A l l  s e a l -  
i n g  e l e m e n t s  were f o u n d  t o  b e  i n  e x c e l l e n t  c o n d i t i o n  w i t h  0,003" 
c a r b o n  w e a r  o n  e a c h  s e a l .  T h e  s h e a r  p i n  b r e a k a g e  s u g g e s t s  h i g h e r  
t h a n  n o r m a l  p o w e r  l o s s  i n  t h i s  t e s t ,  p r e s u m a b l y  f r o m  l u b r i c a n t  
s h e a r i n g  a t  t h e  b e a r i n g  o r  s e a l  c o n t a c t s  a n d  n o t  b u l k  v i s c o u s  
d r a g ,  s i n c e  t h e  b u l k  v i s c o s i t y  o f  t h i s  o i l  i s  n o t  e x c e s s i v e l y  
h i g h .  E n c l o s u r e s  18 t h r o u g h  2 0  p r e s e n t  p h o t o g r a p h s  o f  t e s t  
e lements  f r o m  t h i s  r u n .  

3. Q u a l i f v i n a  T e s t  No.  2 - M o b i l  XRM-l09F, X R M 3 7 B .  p l u s  
10% K e n d e x  0839 R e s i n  

T h e  s e c o n d  s p e c i f i e d  q u a l i f y i n g  t e s t  w a s  r u n  a t  6 4 0 °  t o  6 5 0 ° F  
o u t e r  r i n g  t e m p e r a t u r e  w i t h  a n  i n n e r  r i n g  t e m p e r a t u r e  a b o u t  e q u a l  
t o  o r  1 0 ° F  h o t t e r  t h a n  t h e  o u t e r  r i n g .  T h e  o i l  i n l e t  t e m p e r a t u r e  
w a s  50Oo t o  5 2 0 ° F  a n d  t h e  o i l  f l o w  w a s  1 . 5  t o  2 . 0  gpm. 

The  t e s t  r a n  a t o t a l  o f  5 0 - h o u r s  i n  f o u r  1 0 - h o u r ,  o n e  6 - h o u r ,  
a n d  o n e  4 - h o u r  i n c r e m e n t  a s  w i l l  b e  e x p l a i n e d .  Af t e r  s t a r t i n g  
t h e  t e s t  i t  t o o k  2 . 7  h o u r s  t o  r e a c h  t h e  d e s i r e d  o u t e r  r i n g  t e m p e r -  
a t u r e  o f  6 5 0 ° F  w i t h  13 amps  c u r r e n t - d r a w i n g  o n  b o t h  "I" h o u s i n g  
h e a t e r s .  B e f o r e  a n y  a p p r e c i a b l e  t ime c o u l d  b e  l o g g e d  a t  t e s t  
c o n d i t i o n  o n e  o f  t h e  "I" h o u s i n g  h e a t e r s  f a i l e d  c a u s i n g  t h e  o u t e r  
r i n g  t e m p e r a t u r e  t o  d r o p  t o  6 0 0 ° F  n e c e s s i t a t i n g  a s h u t  down t o  
r e p l a c e  t h e  f a i l e d  h e a t e r .  

c o n d i t i o n s ,  a d d i t i o n a l  i n s u l a t i o n  w a s  o b t a i n e d  a n d  w r a p p e d  a r o u n d  
t h e  o u t s i d e  o f  t h e  t e s t  r i g  h o u s i n g ,  When t h e  t e s t  w a s  r e - s t a r t e d  
t e s t  c o n d i t i o n s  were r e a c h e d  w i t h i n  1.1 h o u r s  a n d  l e s s  t h a n  5 a m p s  
o f  "I" h o u s i n g  h e a t  w a s  r e q u i r e d  t o  m a i n t a i n  t e m p e r a t u r e .  T h r e e  
1 0 - h o u r  p e r i o d s - w e r e  l o g g e d  b e f o r e  t h e  w e e k e n d  s h u t d o w n .  T h e  
t e s t  w a s  r e - s t a r t e d  a n d  r u n  f o r  6 h o u r s .  T h e  n i t r o g e n  s u p p l y  p i p e  
t o  t h e  s e a l  c a v i t y  b r o k e  c a u s i n g  a s u d d e n  d e c r e a s e  i n  s e a l  c a v i t y  
p r e s s u r e .  T h e  r i g  w a s  s h u t  down a n d  t h e  p i p e  r e p a i r e d .  T h e  t e s t  
w a s  r e s t a r t e d  a f t e r  a 7 - h o u r  d e l a y  a n d  r u n  f o r  a 1 0 - h o u r  a n d  4 - h o u r  
p e r i o d  t o  t i m e - u p .  

B e c a u s e  o f  t h e  d i f f i c u l t y  i n  r e a c h i n g  a n d  m a i n t a i n i n g  t e s t  

D u r i n g  t h e  f i r s t  36 h o u r s  o f  t e s t i n g  p r i o r  t o  t h e  b r e a k i n g  
o f  t h e  n i t r o g e n  s u p p l y  l i n e  t h e  t o t a l  s e a l  l e a k a g e  was 9 . 4  t o  13.5 
scfm. Af te r  t h e  l i n e  b r e a k a g e  i t  i n c r e a s e d  t o  19.5 t o  2 9 . 8  scfm. 
T h e  mass s p e c t r o m e t e r  s h o w e d  t h a t  d u r i n g  t h e  f i r s t  36 h o u r s  m o s t  o f  
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l e a k a q e  w a s  a b o u t  e v e n l y  d i v i d e d  b e t w e e n  t h e  a i r  a n d  o i l  s e a l s .  

i 
I 

Upon d i s a s s e m b l y  t h e  t e s t  b e a r i n g  w a s  f o u n d  t o  b e  i n  v e r y  
g o o d  c o n d i t i o n .  B o t h  t h e  o i l  a n d  a i r  s e a l s  were i n  g o o d  c o n d i t i o n .  
T h e  o i l  s e a l  c a r b o n  w e a r  w a s  n e g l i g i b l e  w h i l e  t h e  a i r  s e a l  c a r b o n  
h a d  w o r n  0.005:' p r o b a b l y  a s  a r e s u l t  o f  t h e  h i g h  p r e s s u r e  d i f f e r -  
e n t i a l  a c t i n g  o n  t h i s  s e a l  w h e n  t h e  s e a l  p r e s s u r e  w a s  l o s t .  T h e  
s h o u l d e r s  o f  b o t h  s e a l s  were i n  g o o d  c o n d i t i o n  w i t h  s o m e  c h a t t e r  
m a r k s  e v i d e n t  o n  t h e  a i r  s e a l  s h o u l d e r .  

Some o i l  d e p o s i t s  were f o u n d  i n  t h e  b e a r i n g  c a v i t y  a n d  o n  t h e  
u n l o a d e d  h a l f  o f  t h e  b e a r i n g  i n n e r  r i n g .  P h o t o g r a p h s  d o c u m e n t i n g  
t h i s  t e s t  a r e  p r e s e n t e d  i n  E n c l o s u r e s  2 1  t h r o u g h  23.  

V .  DISCUSSION 

1. T e s t  B e a r i n g s  

S i n c e  t h e r e  i s  o n l y  o n e  o i l ,  M o b i l  XRM-177F1 common t o  b o t h  
P h a s e  I a n d  P h a s e  I1 t e s t i n g ,  t h e  c o m p a r i s o n  b e t w e e n  t h e  h e a t  
g e n e r a t i o n  o f  S e r i e s  I d e s i g n  b e a r i n g s ,  u s e d  i n  P h a s e  I ,  a n d  
S e r i e s  I1 b e a r i n g s ,  u s e d  i n  P h a s e  1 1 ,  w i l l  b e  e x a m i n e d  w h e n  t h e  
e n d u r a n c e  t e s t  w i t h  t h i s  f l u i d  i s  d i s c u s s e d  i n  t h e  F i n a l  R e p o r t .  
A l s o ,  s i n c e  m o s t  t e s t s  were s u c c e s s f u l  i n  t h i s  P h a s e ,  a s  o p p o s e d  
t o  n u m e r o u s  s m e a r i n g  f a i l u r e s  e n c o u n t e r e d  in P h a s e  I ,  i t  i s  
r a t h e r  d i f f i c u l t  t o  c o m p a r e  t h e  p e r f o r m a n c e  o f  t h e  e l e c t r o p l a t e d  
M - 1  s t e e l  c a g e s  w i t h  t h a t  o f  t h e  i o n  s i l v e r  p l a t e d  4 3 4 0  c a g e s  
u s e d  i n  t h i s  p h a s e .  I t  d o e s  a p p e a r ,  h o w e v e r ,  b a s e d  o n  t h e  q u a n t i t a -  
t i v e  r e s u l t s  t o  d a t e ,  t h a t  t h e  ion p l a t i n g  i s  a t  l e a s t  a s  g o o d  a s  
t h e  e l e c t r o p l a t i n g .  T h e r e  i s  n o  d i s c e r n i b l e  d i f f e r e n c e  i n  c a g e  
m a t e r i a l  p e r f o r m a n c e  i n  t h e s e  t e s t s .  

2 .  T e s t  S e a l s  

I t  a p p e a r s  t h a t  b y  u t i l i z i n g  a f a c e  l o a d  ( 0 . 4  l b s . / i n  o f  
c i r c u m f e r e n c e )  h e a v y  e n o u g h  t o  p r e v e n t  l i f t - o f f  i n  c o n j u n c t i o n  
w i t h  w e a r - r e s i s t a n t  c a r b o n  a n d  s h o u l d e r  p l a t i n g ,  l e a k a g e  r a t e s  o n  
t h e  o r d e r  o f  1 scfm f o r  u p  t o  32 h o u r s  c a n  b e  a c h i e v e d  u s i n g  
b e l l o w s  s e c o n d a r y  o i l  s e a l s .  T h i s  i s  a d e c i d e d  i m p r o v e m e n t  o v e r  
p r e v i o u s  r e s u l t s  a n d  c a n  p r o b a b l y  b e  i m p r o v e d  u p o n  f u r t h e r  b y  t h e  
u s e  o f  a h a r d e r  s h o u l d e r  p l a t e  s i n c e  t h e  p r e s e n t  f a i l u r e  mode  o f  
t h e s e  s e a l s  i s  e x c e s s i v e  w e a r  o f  t h e  s h o u l d e r  p l a t i n g .  T h e  m o s t  
p r o m i s i n g  o i l  s e a l  t e s t e d  i s  t h e  p i s t o n  r i n g  s e c o n d a r y  w i t h  a 
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s h o u l d e r  e m p l o y i n g  h y d r o d y n a m i c  l i f t  p a d s .  One  o f  t h e s e  s e a l s  h a s  
b e e n  r u n  f o r  t w o  5 0 - h o u r  t e s t s  a n d  i s  s t i l l  c o n s i d e r e d  s e r v i c e a b l e ,  
a l t h o u g h  t h e  min imum l e a k a g e  r a t e  o b t a i n e d  w i t h  t h i s  t y p e  o f  s e a l  
i s  3 t o  5 t imes t h a t  s e e n  w i t h  a p r o p e r l y  f u n c t i o n i n g  b e l l o w s  
s e a l .  I t  may b e  p o s s i b l e  t o  c o m b i n e  c e r t a i n  f e a t u r e s  o f  t h e  t w o  
t y p e s  a n d  e m p l o y  a b e l l o w s  s e c o n d a r y  w i t h  h y d r o d y n a m i c  l i f t  s h o u l d e r  
f o r  r e l i a b l e  l o w - l e a k a g e  p e r f o r m a n c e  i n  t h e  f u t u r e .  

T h e  b e l l o w s  a i r  s e a l  r e m a i n s  e s s e n t i a l l y  t r o u b l e - f r e e .  I t  i s  
t h o u g h t  t h a t  t h e  e r o s i o n  o f  t h e  C D J  83 c a r b o n  i n  t h e  F i r s t  Q u a l i f y -  
i n g  T e s t  w h i c h  w a s  o f  s u c h  m a g n i t u d e  t h a t  t h e  i n n e r  w e a r  p a d s  were 
c o m p l e t e l y  r e m o v e d  a n d  t h e  s e a l i n g  dam r e d u c e d  t o  a k n i f e - e d g e ,  
w a s  c a u s e d  b y  o x i d a t i o n  o f  t h e  b i n d e r  u s e d  when  e x p o s e d  t o  t h e  h o t  
a i r  f o r  e x t e n d e d  p e r i o d s .  ( T h i s  s e a l  w a s  u t i l i z e d  f o r  o v e r  60 
h o u r s  a t  v a r i o u s  t e s t  c o n d i t i o n s . )  

A d i s c u s s i o n  o f  a l l  s e a l  e x p e r i e n c e  a n d  r e s u l t s  t o  d a t e  i s  
p r e s e n t e d  i n  ( 6 ) .  

3. V i s c o s i t y  I n c r e a s e  o f  B l e n d  o f  M o b i l  XRM-l09F,  XRM-l27B,  
a n d  K e n d e x  R e s i n  

V i s c o s i t y  o f  t h i s  b l e n d  u s e d  i n  t h e  s e c o n d  q u a l i f y i n g  t e s t  
i n c r e a s e d  b y  r o u g h l y  87% d u r i n g  t h e  c o u r s e  o f  t h e  50 h o u r  r u n .  
T h i s  i s  v e r y  l i k e l y  c a u s e d  b y  d i s t i l l a t i o n  o f  l i g h t  e n d s  o f  t h e  
XRM-127B a t  t h e  t e s t  t e m p e r a t u r e ,  s i n c e  t h e  l o s s  o f  t h i s  m o r e  
v o l a t i l e  m a t e r i a l  w o u l d  l e a d  t o  a r i s e  o f  t h e  v i s c o s i t y  i n  t h e  
r e s i d u e .  S a m p l e s  t a k e n  f r o m  t h e  v e n t  l i n e  i n d i c a t e d  t h a t  o i l  
l o s t  t h r o u g h  t h i s  l i n e  w a s  o f  a l o w  v i s c o s i t y .  T h e  c o m b i n a t i o n  
o f  b e a r i n g  t e s t  c h a m b e r  a n d  v e n t  p i p e  g e o m e t r y  d o e s  c o n s t i t u t e  
a c r u d e  f r a c t i o n a l  s t i l l  s o  t h a t  p a r t  o f  t h e  m a t e r i a l  v o l a t i -  
l i z e d  f r o m  t h e  b e a r i n g  t e s t  c h a m b e r  w a s  r e t u r n e d  t o  t h e  c h a m b e r  
b y  c o n d e n s a t i o n  t h r o u g h  t h e  v e n t  p i p e ,  b u t  a l a r g e  p a r t  o f  i t  
e s c a p e d .  S i n c e  t h e  XRM-127B i s  much l i g h t e r  t h a n  t h e  XRM-l09F,  
t h e  p r o p o r t i o n  l o s t  b y  d i s t i l l a t i o n  w o u l d  b e  s o m e w h a t  g r e a t e r .  

I n  a d d i t i o n ,  t h e r e  a r e  i n d i c a t i o n s  t h a t  s o m e  t h e r m a l  d e g r a d a -  
t i o n  o f  t h e  h y d r o c a r b o n  m a t e r i a l  h a d  o c c u r r e d .  T h i s  w o u l d  l e a d  
t o  f o r m a t i o n  o f  v o l a t i l e  p r o d u c t s  w h i c h  w o u l d  e s c a p e  t h r o u g h  
t h e  v e n t  p i p e ,  w h i l e  s o m e  o f  t h e  r e s i d u e  w o u l d  p r o b a b l y  r e a c t  
w i t h  o t h e r  r e s i d u e s  t o  f o r m  e v e n  m o r e  v i s c o u s  m a t e r i a l s .  Some 
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e v i d e n c e  o f  t h i s  p h e n o m e n o n  w a s  f o u n d  i n  t h e  m a s s  s p e c t r a  
s c a n s  w h i c h  were t a k e n  o n  a n  e a r l i e r  e x p e r i m e n t  w i t h  XRM-177F 
a n d  r e p o r t e d  i n  ( 4 ) .  Up t o  t h e  p r e s e n t ,  n o  mass s c a n s  h a v e  
b e e n . m a d e  o f  t h e  c u r r e n t  m i x t u r e  u n d e r  t e s t ,  b u t  i t  i s  p l a n n e d  
t o  f o l l o w  t h e s e  e f f e c t s  d u r i n g  t h e  n e x t  r u n .  

D i s c u s s i o n s  o f  t h i s  p o i n t  w i t h  t h e  s u p p l i e r  o f  t h e  XRM 
m a t e r i a l s  h a s  e l i c i t e d  a g r e e m e n t  w i t h  t h e  a b o v e  m e c h a n i s m s  p r o p o s e d  
f o r  t h e  o b s e r v e d  v i s c o s i t y  i n c r e a s e .  I t  i s  t o  b e  n o t e d  a l s o  t h a t  
t h e r e  h a s  b e e n  n o  i n c r e a s e  i n  a c i d  n u m b e r  o f  t h e  l u b r i c a n t s  d u r i n g  
t ’ h i s  t e s t .  Thus ,  a v i s c o s i t y  i n c r e a s e  o f  t h e  l u b r i c a n t  d u e  t o  
o x i d a t i o n  w a s  n o t  l i k e l y .  

4 .  O v e r a l l  O u t l o o k  

M o b i l  J e t  I1 e s t e r  p e r f o r m e d  a d e q u a t e l y  i n  o p e n - a t m o s p h e r e  
t e s t i n g  f o r  5 0 - h o u r s  a t  b e a r i n g  t e m p e r a t u r e s  i n  t h e  500° t o  530°F 
r a n g e .  E v i d e n c e  o f  s l i g h t  s u r f a c e  d i s t r e s s  01 b e a r i n g  r i n g  
s u r f a c e s  i n d i c a t e s  h o w e v e r ,  t h a t  t h i s  l u b r i c a n t  i s  m a r g i n a l  f o r  
l o n g - t e r m  o p e r a t i o n  i n  t h i s  t e m p e r a t u r e  r e g i o n  i n  t h e  t e s t  r i g  u s e d .  

M o b i l  XRM-109F p l u s  K e n d e x  r e s i n  a n d  M o b i l  XRM-109F p l u s  
X R M - 1 2 7 B  p l u s  K e n d e x  r e s i n  b o t h  p e r f o r m e d  w e l l  f o r  50 h o u r s  w i t h  
i n e r t  b l a n k e t i n g  a t  t e m p e r a t u r e s  i n  t h e  6 5 0 ° F  r e g i o n  a n d  a r e  
c o n s i d e r e d  s u i t a b l e  f o r  l o n g e r  term ( e n d u r a n c e )  t e s t i n g  a t  t h e s e  
c o n d i t i o n s .  B e c a u s e  o f  t h e  g r e a t  i n c r e a s e  i n  v i s c o s i t y  o f  t h e  
b l e n d  c o n t a i n i n g  M o b i l  XRM-127B a n d  t h e  r e l a t i v e l y  s m a l l  b u l k  
v i s c o s i t y  i n c r e a s e  o f  t h e  M o b i l  XRM-109F p l u s  K e n d e x  r e s i n  o v e r  
M o b i l  XRM-l77F,  i t  i s  r e c o m m e n d e d  t h a t  t h e  XRM-109F p l u s  r e s i n  f l u i d  
b l e n d  b e  t e s t e d  i n  t h e  s e c o n d  2 5 0 - h o u r  e n d u r a n c e  r u n .  B a s e d  o n  g o o d  
p e r f o r m a n c e  i n  o t h e r  r e p o r t e d  t e s t i n g  o n  t h i s  p r o g r a m ,  M o b i l  
XRM-177F w a s  c h o s e n  a s  t h e  f i r s t  e n d u r a n c e  t e s t  f l u i d .  

T h e  p r o g r a m  h a s  p r o g r e s s e d  t o  t h e  p o i n t  w h e r e  a d e q u a t e  
s e a l s ,  l u b r i c a n t s ,  a n d  t e s t  b e a r i n g  s p e c i m e n s  s h o u l d  p e r m i t  r e -  
l i a b l e  e n d u r a n c e  t y p e  s y s t e m  t e s t i n g .  

< t y p e d :  m l j  

L 
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GENERAL TEST R I G  LAYOUT SCHEMATIC 
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ENCLOSURE 15 

INNER RACE,  OUTER RACE,  CAGE A N D  BALLS 
AFTER 6 5 0 ° F  MOBIL XRM-109F 

AND 10% BY WEIGHT KENDEX 0839 Q U A L I F I C A T I O N  TEST 
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A I R  SEAL, A I R  S E A L  R U N N E R ,  O I L  SEAL, AND OIL SEAL RUNNER 

10% B Y  W E I G H T  OF K E N D E X  0839 Q U A L I F I C A T I O N  T E S T  
A F T E R  650'F M O B I L  X R M - 1 0 9 F  A N D  
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ERODED A I R  SEAL AFTER 650°F MOBIL XRN-109F 
A N D  10% BY WEIGHT OF KENDEX 0839 QUALIFICATION TEST 
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I N N E R  R A C E ,  O U T E R  R A C E ,  C A G E  A N D  B A L L S  A F T E R  
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ENCLOSURE 20 

BEARING H O U S I N G  BORE AFTER 5 0 0 ° F  
MOBIL J E T  I1 OPEN ATMOSPHERE B A S E L I N E  T E S T  
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ENCLOSURE 21 

INNER RACE, OUTER R A C E ,  CAGE A N D  BALLS AFTER 65OVF MOBIL XRM-l09F, 
YOBIL XRM-127B A N D  10% B Y  MIEIGHT KENDEX 083-9 QIJALIFICATIQN TEST 
I 
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E N C L O S U R E  22 

A I R  S E A L ,  A I R  S E A L  R U N N E R ,  O I L  S E A L ,  O I L  SEAL 
R U N N E R  A F T E R  650°F M O B I L  X R M - l 0 9 F ,  M O B I L  X R M - 1 2 7 B  

A N D  10% B Y  W E I G H T  K E N D E X  0839 Q U A L I F I C A T I O N  TEST 
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ENCLOSURE 23 

BEARING HOUSING BORE AND T E S T  SHAFT 
AFTER 6 5 0 ' F  MOBIL XRM-l09F,  MOBIL XRM-127B 

AND 10% BY WEIGHT KENDEX 0839 QUALIFICATION T E S T  
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S U M M A R Y  DATA SHEETS FOR 5 0 - H O U R  TASK 111 TESTS 
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M C G R E G O R  P R I N T I N G  C O R P O R A T I O N  

CAUTION - REMOVE PROTECT R SHEET BEFORE TYPING 
"TO BE STORED IN A COOL DRY LOCATION" 

N A S 3 - 6 2 6 7 
--- I 

~ ~ 0 0 0 0 8  1 2 4 M a r 6 9  TCN 

PRIME CONTRACTOR CODE 

3 E F  I n d u s t r i e s ,  I n c .  
F r o n t  S t .  & E r i e  Ave. 
P h i l a d e l p h i a ,  P a .  

11 SHIPPED FROM ( I f  other than 91 CODE FOB D 
31 ELF I n d u s t r i e s ,  I n c .  
E n g i n e e r i n g  & R e s e a r c h  C e n t e r  
1100 F i r s t  A v e n u e  
K i n g  o f  P r u s s i a ,  P a .  1 9 4 0 6  

!VASA-Lewis R e s e a r c h  C e n t e r  
21000 B r o o k p s r k  R o a d  
C l e v e l a n d ,  O h i o  4 4 1 3 5  

I s  ITEM 116 STOCKPART NO DESCRIPTIC 
NO (Jndicote namber 01 shipprng containers .type of 

A r t .  j I V  

21 

I - - 
10 ADMINISTERED BY CODE 

NASA-Lewis R e s e a r c h  C e n t e r  
C l e v e l a n d ,  O h i o  4 4 1 3 5  

12 PAYMENT WILL BE MADE BY CODE 

F i n a n c i a l  D i v i s i o n  A u d i t  B r a n c h  
NASA-Lewis R e s e a r c h  C e n t e r  
C l e v e l a n d ,  O h i o  4 4 1 3 5  

P r o  c u r e m e n  t S e c t  i o n  
A t t n :  F r a n c i s  0 .  D r i s c o l l  

container - contoiner number.) 

S e c o n d  P e r i o d i c a l  R e p o r t  - T a s k  111 

PQOCUREMENT QUALITY ASSURANCE 

I' QUANTITY 
SHIP/REC'D' 

I 1 2 7  

~ 

A ORIGIN B DESTINATION 

PQA OACCEPTANCE of Insted atems hos been made 
by me or under my supervision and they cosfotm to contract, 
except a s  noted herein or on supportmg documents 

0 PQAOACCEPTANCE of listed items has been made by me 
or under my supervision and they conform to contract, except as 
noted herein or an supporting documents. 

DATE SiGYATURE OF AUTH GOVT RED SIGNATUREOFAUTHGOVTREP 

TYPED NAME 
AND OFFICE 

23 CONTRACTOR USE ONLY 

- 
8 
UNIT 

- 
22. 

9 
UNIT PRICE 

RECEIVEF 

20 
AMOUNT 

i USE 

Purntities shown in column 17 were received in  
apparent good condition except as noted. 

DATE SIGNATURE OF AUTH GOVT REP 

TYPED NAME 
AND OFFICE 

'If quantity received by the Government IS the same os 
quantity shipped, indicate by ( 
ferent, enter actual quontity rec 
shipped and encircle. 
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Y l I I I  I ,,.I" 

CONTAINER 
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 

MATERIEL INSPECTION AND 
RECEIVING REPORT 

(CONTIAII I A  T l A A l  rUEETI 

1 SK00008 I 8 8 , " -  I I " , "  r), I L L  I ,  
a. PARTIAL I b. FINAL 

I L 

LlNE ITEM (IndicoteNo.of 5hip.Ccntoinws-Type of Sh;p.Contolner -Ship.Container No. CO,~&R$CT 

. 25. 250. 26. 

REQUISITION STOCK AND/OR PART NO.AND DESCRIPTION O F  ARTICLES 

Rohm a n d  Haas Company  
W a s h i n g t o n  S q u a r e  
P h i l a d e l p h i a  5 ,  P e n n s y l v a n i a  
A t t e n t i o n :  V. Ware & P. H e  Car  

C r a n e  P a c k i n g  Company 
6400 W e  O a k t o n  S t r e e t  
M o r t o n  G r o v e ,  I l l i n o i s  

S t e i n  S e a l  Company  
2 0 t h  a n d  I n d i a n a  A v e n u e  
P h i l a d e l p h i a ,  P e n n s y l v a n i a  191  

S e a l o l  Company 
100 P o s t  R o a d  
P r o v i d e n c e ,  R h o d e  I s l a n d  

F a f n i r  B e a r i n g  Company 
37 B o o t h  S t r e e t  
N e w  B r i t a i n ,  C o n n e c t i c u t  
A t t e n t i o n :  Mr. H. B ,  B a n  D o r n  

G e n e r a l  E l e c t r i c  Company 
G e n e r a l  E n g i n e e r i n g  L a b o r a t o r y  
S c h e n e c t a d y ,  New Y o r k  

F a i r c h i l d  E n g i n e  a n d  A i r p l a n e  
S t r a t o s  D i v i s i o n  
B a y  S h o r e ,  N e w  Y o r k  

B o r g - W a r n e r  C o r p o r a t i o n  
Roy C. I n g e r s o l l  R e s e a r c h  C e n t  
W o l f  a n d  A l g o n q u i n  R o a d s  
Des P l a i n e s ,  I l l i n o i s  

G e n e r a l  M o t o r s  C o r p o r a t i o n  
N e w  D e p a r t u r e  D i v i s i o n  
B r i s t o l ,  C o n n e c t i c u t  
A t  t e n  t i  on :  W. 0' R o u r k e  

~~ ~~~ 

51 52 53 54 55 56 57 50 59 60 61 62 63 64 65 66 67 60 69 70 71 72 73 74 75 76 77 70 75 

- 
NITC 
IEAS 

2% - 

;e  

o r  

r 

1 0  

QUANTIT' 
SHIPPED 

28. 

1 

; e n  

1 

1 

1 

1 

1 

* 1  

1 

1 

2 03 04 05 

I 
QUANTITY 
RECEIVEC 

29. 

- 
87 00 09 9 

UNIT 
COST 

30. 

- 
?1 92 93 

TOTAL COST 

95 96 97 98 99 1( 

250a EDITION OF 1 NOV52 
1 A U G  53 



U I  1 1 1  I 8 , " "  

CONTAlNER 
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

MATERIEL INSPECTION AND 
RECEIVING REPORT 

F r a n k l i n  I n s t i t u t e  L a b s  
2 0 t h  a n d  P a r k w a y  
P h i l a d e l p h i a  3,  P e n n s y l v a n i a  
A t t e n t i o n :  W i l l i a m  S h u g a r t  

Avco  C o r p o r a t i o n  
L y c o m i n g  D i v i s i o n  
550 M a i n  S t r e e t  
S t r a t f o r d ,  C o n n e c t i c u t  
A t t e n t i o n :  M .  S, S a b o e  

NASA-Lewi s R e s e a r c h  C e n t e r  
R e p o r t s  C o n t r o l  O f f i c e  
21000 B r o o k p a r k  R o a d  
C l e v e l a n d ,  O h i o  44135 

A l l i s o n  D i v i s i o n  
G e n e r a l  M o t o r s  C o r p o r a t i o n  
P l a n t  88 
I n d i a n a p o l i s  

B o e i n g  A i r c r a f t  Company 
A e r o s p a c e  D i v i s i o n  
M a t e r i a l s  a n d  P r o c e s s i n g  S e c t  
S e a t t l e ,  W a s h i n g t o n  
A t t e n t i o n :  J .  W .  Van Wyk 

B a t t e l l e  M e m o r i a l  I n s t i t u t e  
505 K i n g  A v e n u e  
C o l u m b u s ,  O h i o  
A t t e n t i o n :  C. A l l e n  

L o c k h e e d  A i r c r a f t  C o r p o r a t i o n  
L o c k h e e d  M i s s i l e  a n d  S p a c e  Go 
M a t e r i a l  S c i e n c e  L a b o r a t o r y  
3251 H a n o v e r  S t r e e t  
P a l o  A l t o ,  C a l i f o r n i a  
A t t e n t i o n :  F r a n c i s  J. C l a u s s  

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

a. PARTIAL 
, SHIPMENT ---- NO. ON CONTRACT 

- 
NlTOl 
(E19 

27. - 

n 

2UANTITY 
SHIPPED 

28. 

1 

1 

1 

1 

1 

1 

1 

1 b. FINAL 
I- 
QUANTITY 
RECEIVEC 

29. 

UNIT 
COST 

30. 
TOTAL COST 

31. 

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 1C 
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LUN I A l N t H  
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

(CONTINUA TlON SHEET) 

N o r t h  A m e r i c a n  A v i a t i o n  
Downey,  C a l i f o r n i a  
A t t e n t i o n :  W ,  A,  S t r s a l k o w s k i  

ERPI  P r e c i s i o n  P r o d u c t s  Compan 
227 B u r l i n g t o n  A v e n u e  
C l a r e n d o n  H i l l s ,  I l l i n o i s  6051 
A t t e n t i o n :  C, Dean 

M i d w e s t  R e s e a r c h  I n s t i t u t e  
425 V o l k e r  B o u l e v a r d  
K a n s a s  C i t y  10 
A t t e n t i o n :  V.  H o p k i n s  G 

A. D ,  S t .  J o h n  

D o u g l a s  A i r c r a f t  Company 
3000 O c e a n  P a r k  B o u l e v a r d  
S a n t a  M o n i c a b  C a l i f o r n i a  
A t t e n t i o n :  R o b e r t  McCord 

T h e  M a r l i n - R o c k w e l l  C o r p o r a t i a  

A t t e n t i o n :  A r t h u r  S. I r w i n  

C h i c a g o  R a w h i d e  M a n u f a c t u r i n g  
1311 E l s t o n  Avenue 
C h i c a g o ,  I l l i n o i s  
A t t e n t i o n :  R i c h a r d  B l a i r  

I I T  R e s e a r c h  I n s t i t u t e  
West 3 6 t h  S t r e e t  
C h i c a g o ,  I l l i n o i s  60616 
A t t e n t i o n :  Warren J a m i s o n  

E ,  I .  D u P o n t  d e  N e m o u r s  a n d  Cc 
O r g a n i c  C h e m i c a l s  D e p t .  
F r e o n  P r o d u c t s  D i v i s i o n  
W i l m i n g t o n ,  Delaware  
A t t e n t i o n :  J o h n  J ,  D a l y ,  J r ,  

E ,  I ,  D u P o n t  d e  N e m o u r s  a n d  Cc 
1007 M a r k e t  S t r e e t  

a. PARTIAL 

OUANTIT'I 
SHIPPED 

28. 

1 

1 

1 

1 

1 

1 

1 

1 

51 52 53 54 55 56 57 58 59 49 fjltQ? &%6$&l+6 6 a q  $9 wa wg 74FIp 78 79 80 81 82 83f34 85 
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1 b. FINAL 
I 
QUANTIT' 
RECEIVE[: 

29. 

UNIT 
COST 

30. 
TOTAL COST 

31. 

. '  

87 88 89 90 91 92 93 94 95 96 97 98 99 11 



.ONTAiNFR 
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

2 1 0 0 0  B r o o k p a r k  Road 
C l e v e l a n d ,  O h i o  4 4 1 3 5  
A t t e n t i o n :  L i b r a r y  

i B u r e a u  o f  S h i p s  

1 Code  634A 
! 

A t t e n t i o n :  H a r r y  K i n g  

I 

S i n c l a i r  R e s e a r c h ,  I n c ,  
4 0 0  E ,  S i b l e y  B o u l e v a r d  

I 
f D i r e c t o r  o f  
1 P r o d u c t s  D i v i s i o n  
i 

R e p u b l i c  A v i a t i o n  C o r p .  
S p a c e  S y s t e m s  a n d  R e s e a r c h  

i A t t e n t i o n :  R. S c h r o e d e r  

N A S A - S c i e n t i f i c  a n d  T e c h n i c a l  

Box 5700 
B e t h e s e d a ,  M a r y l a n d  
A t t e n t i o n :  NASA R e p r e s e n t a t i v e  

H e r c u l e s  P o w d e r  Go. ,  I n c ,  
9 0 0  M a r k e t  S t ,  

I I n f o r m a t i o n  F a c i l i t y  
i 

i 
i 

s ? W i l m i n g t o n ,  D e l .  
I 

1 D e p t ,  93-3 
A i r e s e a r c h  M a n u f a c t u r i n g  Co, 

9 8 5 1  S e p u l v e d a  B l v d .  
L o s  A n g e l e s ,  C a l i f .  9 0 0 0 9  
A t t e n t i o n :  Hans  J, P o u l s e n  

250a EDITION OF 1 NOV52 DD 1 A U G  83 



SH I PPI NG 
CONTA IN ER 

TALLY 1 2 3 4 5 6 7 a 9 i o  ii 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4a 49 

MATERIEL INSPECTION AND 
RECEIVING REPORT 

(CONTIN1 I A  T l n h l  CUCCTl  
UM I l U l Y  J I  I L L  I a. PARTIAL I b. FINAL 

I 1 

L I N E  I T E M  (Indrcote No.of Ship.Contarners-Typ of Shrp.Container -Ship.Contarner No. 
: o ~ ? & c T  R E P U ~ S I T I O N  STOCK AND/OR PART NO.AND DESCRIPTION OF ARTICLES 
N U M B E R  

25. 2%. 26. 

NASA-Lewis R e s e a r c h  C e n t e r  
S p a c e c r a f t  T e c h n o l o g y  
P r o c u r e m e n t  S e c t i o n  
21000 B r o o k p a r k  Road 
C l e v e l a n d $  O h i o  4 4 1 3 5  
A t t e n t i o n :  F r a n c i s  0. D r i s c o l  

NASA-Lewis R e s e a r c h  C e n t e r  
S p a c e c r a f t  T e c h n o l o g y  D i v i s i o n  
2 1 0 0 0  B r o o k p a r k  Road 
C l e v e l a n d ,  O h i o  4 4 1 3 5  
A t t e n t i o n :  J .  Howard  C h i l d s  

D e n n i s  T o w n s e n d  
W. R o u d e b u s h  

NASA-Lewis  R e s e a r c h  C e n t e r  
T e c h n i c a l  U t i l i z a t i o n  O f f i c e  
2 1 0 0 0  B r o o k p a r k  Road 
C l e v e l a n d ,  O h i o  4 4 1 3 5  
A t t e n t i o n :  J o h n  Weber  

NASA-Lewis R e s e a r c h  C e n t e r  
O f f i c e  o f  R e l i a b i l i t y  a n d  
Q u a l i t y  A s s u r a n c e  
A t t e n t i o n :  J a m e s  P e l o u c h  

V i n c e n t  L a l l i  

NASA-Le wi s Re s e a r  c h C e n t e r  
F l u i d  S y s t e m  C o m p o n e n t s  D i v i s i  
A t t e n t i o n :  I ,  I .  P i n k e l  

E .  E ,  B i s s o n  
R.  L.  J o h n s o n  
W e  R .  L o o m i s  
W e  J ,  A n d e r s o n  
M .  A.  S w i k e r t  

A i r  F o r c e  M a t e r i a l s  L a b o r a t o r 1  
W r i g h t - P a t t e r s o n  AFB, O h i o  4f  
A t t e n t i o n :  MANL 

R e  Adamczak  G F. 1 

51 52 53 54 55 56 57 50 59 60 61 62 63 64 65 66 67 60 69 70 71 72 73 74 75 76 77 70 7' 
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- 
NlTOi 
IEA3 

2% - 

n 

.33 

irs 

II 

0 01 

2UANTITY 
SHIPPED 

28. 

1 

2 
5 
1 

1 

1 
1 

1 
1 
1 
4 
1 
1 

1 

C k Y  

- 
2 83 04 05 

I- 
QUANTIT 'l 
RECEIVEC 

29. 

II)-- 

87 00 a9 9 

- 
UNIT 
COST 

30. 
TOTAL COST 

31. 

1__1 

91 92 93 94 95 96 97 90 99 1( 



SHIPPING 
CONTAIN ER 

TALLY 1 2 3 4 5  6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2425262728 2930 31 32 33 34 35 36 37 38 394041 42 43 44 45 464748 49! 

RECEIVING REPORT 
(CONTINUA TlON SHEET) 

I 

CO~~;$ACT R E Q U I S I T I O N  STOCK A N W R  PART NO.AND DESCRIPTION OF ARTICLES 
N U M B E R  LINE ITEM (Indicote No.of 5hip.Cwrtoiners-Type of Ship.Contoinw-Ship.Contoiner No 

, 25. I 2%. I 26. 
I 

A i r  F o r c e  A e r o  P r o p u l s i o n  L a b .  
W r i g h t  P a t t e r s o n  AFB, O h i o  45 
A t t e n t i o n :  APFL, K.L. B e r k e y  

APFL, G . A .  B e a n e  IV 
APTP, I . J .  G e r s h o n  

wis Research  C e n t e r  
21000 B r o o k p a r k  R o a d  
C l e v e l a n d ,  O h i o  4 4 1 3 5  
A t t e n t i o n :  $, B ,  S h i l l i t o  

M a i l  S t o p  5-3 

FAA H e a d q u a r t e r s  
800 I n d e p e n d e n c e  A v e n u e ,  sew. 
W a s h i n g t o n ,  D. C, 
A t t e n t i o n :  M, L o t t ,  J .  C h a v k i  

N A S A  H e a d q u a r t e r s  
600 I n d e p e n d e n c e  A v e n u e ,  S.W. 
W a s h i n g t o n ,  D .  C, 
A t t e n t i o n :  N e l s o n  R e k o s  

M.  C o m b e r i a t e  
A ,  J .  E v a n s  ( R A D )  

NASA-Lang ley  R e s e a r c h  C e n t e r  
L a n g l e y  S t a t i o n  
H a m p t o n ,  V i r g i n i a  23365 
A t t e n t i o n :  Mark R .  N i c h o l s  

U n i t e d  A i r c r a f t  C o r p o r a t i  o n  
P r a t t  a n d  W h i t n e y  A i r c r a f t  D i i  
E a s t  H a r t f o r d ,  C o n n e c t i c u t  
A t t e n t i o n :  R .  P .  S c h e v c h e n k o  

G e n e r a l  E l e c t r i c  Company  
Gas T u r b i n e  D i v i s i o n  
E v e n d a l e ,  O h i o  
A t t e n t i o n :  B, Venable  

C u r t  i s s -Wri g h t  G o r p  o r a  t i on 
W r i g h t  A e r o n a u t i c a l  D i v i s i o n  
333 West 1 s t  S t r e e t  

r l  52 53 54 55 56 57 58 59 dQW ma691615 6% 6dLmmbEePdl# 75 76 77 78 7 

tDD 1 A U Q  SI) 250a EDITION OF 1 NOV 52 

a. PARTIAL I b. FINAL - 
llT 0 

IEAS 
2% - 

13 

s i  

- 
1 8  

n 

1 
1 
1 

1 

1 

1 
1 
1 

1 

1 

1 

1 

QUANTI T'I 
SHIPPED 

28. 

- 
2 83 84 05 

L 
3UANTITY 
iECElVED 

29. 

111 

87 88 89 9 

UNIT 
COST 

30. 

- 
?1 92 93 

TOTAL COST 
31. 

95 96 97 90 99 11 



CbN TA iKER 
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 4748 49 50 

RECEIVING REPORT 
(CON TI NUA TlON SHE€ T) 

I 

:O,+;fiACT 

, 25. 2%. 26. 

REOUlStTlON STOCK ANWOR PART NO.AND DESCRIPTION OF ARTICLES 
NUMBER LINE ITEM (Indicote No.of Ship.Cmtotnws-Type of Ship.Contoiner -Ship. Contoiner No 

C l e v e l a n d  G r a p h i t e  B r o n z e  
C l e v i  t e  C o r p o r a t i o n  
540 E a s t  1 0 5 t h  S t r e e t  
C l e v e l a n d ,  O h i o  4 4 1 0 8  
A t t e n t i o n :  Tom K o e n i g  

L i b r a r y  

C e l a n e s e  C h e m i c a l  Company 
C e l a n e s e  C o r p o r a t i o n  o f  Americ 

A t t e n t i o n :  Thomas  G.  S m i t h  

She  1 1 D e v e  1 op  me n t Comp a n y  
E m e r y v i l l e  C a l i f o r n i a  
A t t e n t i o n :  Dr, C ,  L. Mahoney  

G u l f  Research  a n d  D e v e l o p m e n t  
P .  0 ,  D r a w e r  2 0 3 8  
P i t t s b u r g h  30 P e n n s y l v a n i a  
A t t e n t i o n :  D r ,  H, A. A m b r o s e  

C a l i f o r n i a  R e s e a r c h  C o r p o r a t i o  
C a l i  f o r n i  a 

A t t e n t i o n :  N e i l  F u r b y  

Dow C h e m i c a l  Company 
A b b o t t  Road B u i l d i n g s  
M i d l a n d ,  M i c h i g a n  
A t t e n t i o n :  Dr. R ,  G u n d e r s o n  

P e n n s y l v a n i a  R e f i n i n g  Company 
B u t l e r ,  P e n n s y l v a n i a  

K e n d a l l  R e f i n i n g  Company 
B r a d f o r d ,  P e n n s y l v a n i a  
A t t e n t i o n :  F, I .  I .  L a w r e n c e  

A e r o j  e t - G e n e r a l  C o r p o r a t i o n  
20545 C e n t e r  R i d g e  Road 
C l e v e l a n d ,  O h i o  
A t t e n t i o n :  D ,  B E  R a k e  

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 7 

EDITION OF 1 NOV 52 250a ,DD I A U G  I J  

a. PARTIAL - 
NlTC 
IPA3 

2% 

OUANTIT’I 
SHIPPED 

28. 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 b. FINAL 
I 
QUANTITY 
RECEIVEC 

29. 

UNIT 
COST 

30. 
TOTAL COST 

31. 
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ai 1 1  rr I t v v  
CONTAIN ER 

TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

MATERIEL INSPECTION AND 
RECEIVING REPORT 

(CONTINUATION SHEET) 
1 

L I N E  I T E M  (Indicate No.of Ship.Cmtoiners-Trpe of Ship.Container -Ship.Contoiner No. .Ott+;VCT 
R E P U I S I T I O N  STOCK AND/OR PART NO.AND DESCRIPTION OF ARTICLES 

N U M B E R  
25. 2%. 26. 

P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  
D e p t .  o f  C h e m i c a l  E n g i n e e r i n g  
U n i v e r s i t y  P a r k  P a .  1 9 4 0 6  
A t t e n t i o n :  D r .  E. E. K l a u s e  

R o c k e t d y n e  D i v ,  o f  N.  Amer. 

C a n a g a  P a r k ,  C a l i f o r n i a  
A v i a t i o n  

A t t e n t i o n :  Lj P *  

M o b i l  O i l  C o r p o r a t i o n  
P a u l s b o r o  L a b ,  R e s e a r c h  D e p t .  
P a u l s b o r o t  New J e r s e y  08066 
A t t e n t i o n :  E ,  

S o u t h w e s t  R e s e a r c h  I n s t i t u t e  
S a n  A n t o n i o ,  T e x a s  7 8 2 0 5  
A t t e n t i o n :  P ,  M. Ku 

S t e w a r t - W a r n e r  C o r p o r a t i o n  
1 8 2 6  D i v e r s e y  P a r k w a y  

I l l i n o i s  6 0 6 1 4  

T i m k i n  B e a r i n g  Company 
C a n t o n ,  O h i o  4 4 7 0 1  
A t t e n t i o n :  R .  F. W h a r t o n  

U n i t e d  A i r c r a f t  C o r p o r a t i o n  
P r a t t  & W h i t n e y  A i r c r a f t  D i v e  
E a s t  H a r t f o r d ,  C o n n .  06108 
A t t e n t i o n :  R .  P. S c h v e c h e n k o  

P, Brown 

Wes t i n g h o u s e  E l e c t r i c  C o r p .  
R e s e a r c h  L a b o r a t o r i e s  
B e u l a h  Road, C h u r c h i l l  B o r o u g h  
P i t t s b u r g h ,  P a .  15235 
A t t e n t i o n :  J. Boyd  
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a. PARTIAL I b. FINAL - 
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2 83 84 85 

L 
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- 
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TOTAL COST 
31. 
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CON TA I N'ER 
TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

%SHEET 4.NO.OF 
NO. SH-TS 

, PROC. DIH. OR REQUISITION NO, 
MATERIEL INSPECTION AND 

RECEIVING REPORT 

T e x a c o ,  I n c o r p o r a t e d  
P .  0. Box  509 
B e a c o n ,  N e w  Y o r k  
A t t e n t i o n :  D r .  G.  B ,  A r n o l d  

O l i n  M a t h i e s o n  C h e m i c a l  C o r p o r  
O r g a n i c s  D i v i s i o n  
275  W i n c h e s t e r  A v e n u e  
N e w  H a v e n  4 ,  C o n n e c t i c u t  
A t t e n t i o n :  Dr. C. W.  McMullen 

H e y d e n  N e w p o r t  C h e m i c a l  C o r p .  
H e y d e n  C h e m i c a l  D i v i s i o n  
290 R i v e r  D r i v e  
G a r f i e l d ,  New J e r s e y  
A t t e n t i o n :  D .  X. K l e i n  

C. A. N o r g r e n  Company 
E n g l e w o o d ,  C o l o r a d o  
A t t e n t i o n :  D e  6. F a u s t  

C r u c i b l e  S t e e l  Company o f  Amer 
T k e  O l i v e r  B u i l d i n g  
M e l l o n  S q u a r e  
P i t t s b u r g h  2 2 ,  P e n n s y l v a n i a  

Dow C o r n i n g  C o r p o r a t i o n  
Mi d 1 a n d , Bli c h i g a  n 
A s t e n t i o n :  R .  W .  A w e  & H. M .  5 

A l l e g h e n y  L u d l u m  S t e e l  C o r p o r :  
O l i v e r  B u i l d i n g  
P i t t s b u r g h  2 2 ,  P e n n s y l v a n i a  

M e c h a n i c a l  T e c h n o l o g y ,  I n c .  
L a t h a m ,  N e w  Y o r k  
A t t e n t i o n :  S. F. M u r r a y  & M .  E 

P e t e r s  on 

E s s o  R e s e a r c h  & E n g i n e e r i n g  Cc 
P .  0. Box  51 
L i n d e n ,  New J e r s e y  
A t t e n t i o n :  W .  0. T a f f  
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I 1 
CO;;$CT 

~ 25. 250. 26. 

REOUISITION STOCK AND/OR PART NO. AND DESCRIPTION OF ARTICLES 
NUMBER L I N E  ITEM (Indicate No.of Shrp.Contamsrs-Type of Ship.Contomer -5hip.Contorner No 

I 

W r i g h t - P a t t e r s o n  AFB, 
Air F o r c e  M a t e r i a l s  L a b o r a t o r y  
MANLI R. Adamczak  
MANL,  F. H a r s a c k y  

A i r  F o r c e  A e r o  P r o p u l s i o n  L a b o r a t o x y  
APEL, K. L ,  B e r k e y  
A P T P ,  I. J. G e r s h o n  
APFL,* G, A. B e a n e  IV 

U. S .  N a v a l  A i r  M a t e r i a l  C e n t e r  
Ae r o  n a u t  i c a 1  Eng i ne L a b 0  r a t o  r y  
P h i l a d e l p h i a ,  P e n n s y l v a n i a  1 5 2 1 2  
A t t e n t i o n :  

E n g i n e  L u b r i c a t i o n  B r a n c h  
A. L .  Lockwood 

U. S. N a v a l  R e s e a r c h  L a b o r a t o r y  
W a s h i n g t o n ,  D. C ,  2 0 3 9 0  
A t t e n t i o n :  

C h a r l e s  Murphy  

D e p a r t m e n t  o f  t h e  Navy 
W a s h i n g t o n ,  D. C. 
A t t e n t i o n :  

B u r e a u  r f  N a v a l  Weapons  
A. B. Nehman, R A A E - 3  
C.  C .  S i n g l e t e r r y ,  RAPP-4 

B u r e a u  o f  S h i p s  
H a r r y  K i n g ,  624A 

U ,  S. Army O r d n a n c e  
Rock  I s l a n d  A r s e n a l  L a b o r a t o r y  
Rock I s l a n d ,  I l l i n o i s  6 1 2 0 1  
A t  t e  n t i o  n : 

R ,  LeMar 
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a. PARTIAL 

QUANTITI 
SHIPPED 

28. 
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1 
1 
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1 
1 
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QUANTIT) 
RECEIVEC 

29. 
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UNIT 
COST 

30. 
TOTAL COST 
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SHIPPING 
CONTAINER 

TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

I n d u s t r i a l  T e c t o n i c s ,  I n c .  
Research  & D e v e l o p m e n t  D i v .  
18301 S a n t a  Fe  Ave. 
C o m p t o n ,  C a l i f o r n i a  
A t t e n t i o n  H e i n z  Hanau  

A l c o r  I n c o r p o r a t e d  
2905 B a n d e r a  Road  
San  A n t o n i a ,  T e x a s  
A t t e n t i o n :  Mr. L. J u n d e r e  

M o n s a n t o  C h e m i c a l  Company 
800 N o r t h  L i n d b e r g h  B o u l e v a r d  
S t .  L o u i s ,  M i s s o u r i  63166 
A t t e n t i o n :  K e n  McHugh 

M o n s a n t o  R e s e a r c h  C o r p o r a t i o n  
E v e r e t t  S t a t i o n  
B o s t o n  4 9 ,  Mass. 
A t t e n t i o n :  D r .  J o h n  0 .  S m i t h  

T h e  K o p p e r s  Company ,  I n c .  
M e t a l  P r o d u c t s  D i v i s i o n  
P i s t o n  R i n g  a n d  S e a l  D e p t .  
7709 S c o t t  S t r e e t  
B a l t i m o r e ,  M a r y l a n d  2 1 2 0 3  
A t t e n t i o n :  T .  C .  K u c h l e r  

S i n c l a i r  R e f i n i n g  Company 
600 5 t h  A v e n u e  
N e w  Y o r k  20 ,  New Y o r k  

U n i o n  C a r b i d e  C h e m i c a l s  Co. 
D i v i s i o n  o f  U n i o n  C a r b i d e  C o r p  
T a r r y t o w n ,  New Y o r k  
A t t e n t i o n :  W. H .  M i l l e t t  

S u n  O i l  Company 
A u t o m o t i v e  L a b o r a t o r y  
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SH I PPI NG 
CONTAIN ER 

TALLY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

F o r t  E u s t i s ,  Va. 2 3 6 0 4  
A t t e n t i o n :  J.  W ,  W h i t e  

P r o p u l s i o n  Div. 

Mr. M a r t i n  2, Z a i n m a n  
D i r e c t o r  o f  R e s e a r c h  
B r a y  O i l  Company 
1 9 2 5  N o r t h  M a r i a n n a  Aye. 
L o s  A n g e l e s ,  C a l i f .  80032 

Esso R e s e a r c h  & E n g r g .  Co. 
P, 0, Box 8 
L i n d e n ,  New J e r s e y  07036 
A t t n :  Mr. J, M o i s e  

Sun O i l  Company 
R e s e a r c h  & D e v e l o p m e n t  
M a r c u s  H o o k ,  P e n n a .  19061 
A t t n :  G ,  H, Hornmer 

E a t o n ,  Y a l e  & Town,  Inc. 
R e s e a r c h  C e n t e r  
2 6 2 0 1  N o r t h w e s t e r n  H i g h w a y  
S o u t h f i e l d ,  M i c h .  4 8 0 7 5  
A t t n :  H , M , R e i g n e r  

U n i t e d  A i r c r a f t  C o r p o r a t i o n  

E n g i n e e r i n g  D e p a r t m e n t  
West P a l m  B e a c h ,  F l o r i d a  3 3 4 0  
A t t n :  R .  E .  Chowe 

M o b i l  O i l  C o r p o r a t i o n  
P a u l s b o r o  L a b o r a t o r y  
R e s e a r c h  D e p a r t m e n t  
P a u l s b o r o ,  N e w  J e r s e y  08066 
A t t n :  S .  J .  L e o n a r d i  
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SH I PPI NG 
CON TA IN E R 

T A l  LY I 1 7 3 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 ! 

--____ 
SHIPMENT NO. ON CONTRACT t'('ONTIN!IA TlON S H E E T )  

C O ~ C T R A C T  lREQVl5 lT lONl  STOCK ANDmR PART NO. AND DESCRIPTION OF ARTICLES 
L 

I 7 '1c~8fc No. - I  S~in.Contorntr ,- T > P  of Ship,CMtoiner-Shrp.Conloiner No. 
2 t .  I 

- 
I 

S h e l l  O i l  Company  
Wood R i v e r  R e s e a r c h  L a b o r a t o r y  
A d v a n c e d  P r o d u c t s  G r o u p  
Wood R i v e r ,  I l l i n o i s  
A t t n :  J .  J .  H e i t h a u s  

a. PARTIAL I b. FINAL 

JUANTITY 
SHIPPED 

28. 

1 

- 
2 a3 84 85 

I 
QUANTITY 
RE C E I \/E C 

29. 

- 
07 88 89 5 

UNIT 
COST 

20. 

.cIIIIIII( 

?1 92 Y 3  

TGTAL COST' 
31. 
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